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INTRODUCTION 

This  annual  report  to  the  Air  Force  Office  of  Scientific  Research 
under  contract  F49620-80-C-0022  describes  work  accomplished  from 
October  1,  1979,  through  September  30,  1980,  by  personnel  of  the 
Optical  Sciences  Center. 

On  the  following  pages  we  discuss  the  objectives  of  each  task, 
the  progress  made  under  that  task,  written  publ icat ions  and  interactions 
resulting  from  the  work,  professional  personnel  and  students  associated 
with  the  individual  research  efforts,  degrees  obtained  through  work 
on  the  tasks,  and  consultative  and  advisory  functions  to  other  labora¬ 
tories  and  agencies. 
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Of  all  the  metals  studied,  platinum  reflectors  seem  to  be  the  most 
durable  at  high  temperatures  (and  therefore  high  fluxes)  in  air.  Of 
the  base  metals  studied,  nickel  reflectors  are  most  durable  at  high 
temperatures  in  air.  In  one  case,  the  effect  of  annealing  specimens  in 
He  and  Il2  was  evaluated. 

We  have  developed  mathematical  tools  to  enable  us  to  predict  the 
temperatures  at  which  film  failure  occurs,  and  these  predictions  agree 
well  with  experiment.  We  have  also  uncovered  the  relationships  between 
various  film  defects  and  studied  their  evolution  from  f i lm  deposition 
point  defects  to  complete  breakup  (agglomeration)  at  high  temperatures. 
In  most  cases  we  used  materials  of  exceptional  purity,  as  use  of  such 
materials  makes  it  easy  to  spot  trends  in  the  mathematical  analysis  of 
test  results.  A  few  materials  were  of  industrial  quality,  as  it  is  in¬ 
teresting,  from  a  practical  point  of  view,  to  know  the  failure  tempera¬ 
ture  of  these  materials;  tests  on  these  materials  also  provided  a  gauge 
for  determining  how  well  theoretical  extrapolations  from  data  on  ideal 
materials  may  work  in  the  industrial  realm,  where  purity  of  materials 
may  be  sacrificed  to  produce  low-cost,  mass-produced  products. 

We  recorded  surface  features  before  and  after  heating  by  scanning 
electron  microscopy  and  by  both  transmission  and  reflection  optical 
microscopy.  Crystal  structures  were  explored  by  electron  and  x-ray 
diffraction.  Transmission  electron  microscopy  was  used  to  explore  grain 
sire.  There  is  a  certain  amount  of  art  involved  in  evaluating  Mirfuci 
changes.  frequently  we  would  photograph  a  characteristic  mark,  defect  , 
or  discoloration  in  the  surrounding  metal  so  that  we  could  return  to 
this  characteristic  spot  after  heating,. 


* 
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'ihe  failure  temperatures  presented  in  the  resulting  report^  will 
provide  a  ready  data  reference  for  estimating  the  high-temperature  per¬ 
formance  of  the  multitude  of  "stack"  selective  surfaces  (tandem  stacks,  J 

inverse  tandem  stacks,  interference  stacks,  etc.)  in  existence  today 

i 

and  planned  for  the  future.  The  collected  data  will  also  be  useful  in 

i 

the  design  of  selective  stacks  since  they  will  indicate  when  and  where 

stopper  layers  should  be  us  in  the  determ inat ion  of  the  thermal  dur-  | 

ability  of  electronic  components  employing  metallic  coatings;  and  in 

the  determination  of  the  performance  of  simple  metal  coatings  used  on 

concentrating  and  flat-plate  mirrors  subject  to  high  solar  flux  and 

heat,  and  on  military  mirrors  used  for  laser  weapons. 

Phase  2,  passivation  studies,  has  also  been  completed.  These 
studies  were  original ly  scheduled  for  the  second  year  but  instead  were 
done  in  the  first  year.  The  temperatures,  atmospheres,  coefficients  of 
thermal  expansion,  and  conditions  of  thermal  cycling  were  established 
that  would  ensure  the  integrity  of  a  film  or  composite  stack  of  films 
against  failure  due  to  cracking,  agglomeration,  pinhole  formation, 
peeling,  oxidation,  and  interdiffusion  into  Al-,0-  overcoatings. 

Phase  a,  in-flux  studies  at  one  of  the  solar  thermal  test  facili¬ 
ties,  was  originally  scheduled  for  the  first  year  but  has  been  resched¬ 
uled  for  the  second  year.  Wo  expect  these  in-flux  tests  to  show  slight  1\  < 

lower  failure  temperatures  than  those  obtained  in  phases  1  and  2  of 
this  pro  i  oct  . 


1.  R.  R.  Zito,  "The  High  Temperature  behavior  of  Thin  Hot  a  I  films, " 
Phi’  I  >  i  ssci!  at  i  on  ,  I  In  i  vers  i  t  >  of  Arinin,  IPSO. 
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Publications  and  Interactions 

R.  Zito,  "Failure  of  reflective  metal  coatings  by  cracking,"  Thin  Solid 
Films,  to  be  published. 

R.  Zito,  "Line  broadening  in  x-rays  diffracted  from  thin  films,"  to  be 
submitted  to  Thin  Solid  Films. 

R.  Zito,  "The  high  temperature  behavior  of  platinum  films,"  to  be  sub¬ 
mitted  to  Thin  Solid  lilms. 

R.  Zito,  "A  close  look  at  the  agglomeration  of  gold,"  to  be  submitted  to 
Thin  Solid  Films. 

R.  Zito,  "A  comparative  study  of  the  behavior  of  ten  metal  films  at  high 
temperatures  in  air,"  in  preparation. 


R.  Zito,  "Two-dimensional  melting  phenomena  and  surface  defects  in 
metallic  thin  films,"  paper  presented  at  OSA  Topical  Meeting  on 
Optical  Phenomena  Peculiar  to  Matter  of  Small  Dimensions,  Tucson, 
Arizona,  March  18-20,  1980. 

R.  Zito,  "Failure  of  reflective  metal  coatings  by  cracking,"  paper  pre¬ 
sented  at  Second  Solar  Reflective  Materials  Workshop,  San  Fran¬ 
cisco,  Calif.,  Feb.  12-14,  1980. 

Professional  Personnel  Associated  with  This  li f fo rt 

Aden  B.  Meinel,  Principal  Investigator 

Richard  R.  Zito,  Co-Principal  Investigator 

Louis  bemer,  expert  in  x-ray  methods 

Honn  Oona,  expert  in  proton  induced  x-ray  analysis 
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SURFACE  AND  VOLUME  SCATTERING  OF  REFLECTORS  AND  REFRACTORS 
(William  L.  Wolfe.  R.  V.  Shack) 


Objective 

To  improve  the  instrumentation  and  techniques  for  the  measurement 
of  the  angular  scattering  properties  of  useful  materials.  » 

Progress 

The  manually  operated  prototype  instrument  has  been  used  to  refine 
the  techniques  of  making  angular  scattering  measurements  in  both  reflec¬ 
tion  (BRDF)  and  transmission  (BTDF) .  Computer  programs  have  been  de¬ 
veloped  and  used  for  calculating  and  plotting  the  BRDF  and  BTDF'  data. 

Measurements  were  made  on  gold-coated  sandpapers  to  establish  a 
reference  standard  for  BRDF  measurements.  Other  measurements  were  made 
on  transmitting  samples,  which  enabled  a  better  understanding  to  be 
developed  in  the  use  of  the  partial  coherence  theory  of  scattering. 

While  the  manually  operated  prototype  instrument  was  being  employed 
as  described,  work  continued  on  the  design,  development,  and  const  ruc¬ 
tion  of  the  automated  seat  t  eroniet  or .  1'his  new  instrument  is  at  tin- 

stage  where  about  SB  percent  of  its  hardware  is  completed  and  about  "B 
percent  of  the  software  required  for  its  operation  has  been  developed.  ' 

The  far-infrared  laser  that  was  incorporated  into  the  automated  instru¬ 
ment  has  been  operated  at  1 1 S  and  11.7  urn. 

Some  scattering  measurements  have  been  made  at  11N  am.  Sever, it 

j 


small  separately  funded  programs  have  been  undertaken  to  provide  vari 
ous  government  agencies  with  the  scattering  data  they  inquire.  I  he 
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performance  of  the  work  under  these  programs  and  this  program  lias  been 
synergistic,  with  great  advantages  accruing  to  all  of  the  effort. 

Some  of  the  accomplishments  under  the  other  programs  are  described 
under  the  section  entitled  "Consultative  and  Advisory  Functions." 


Publications  and  Interactions 

Wolfe,  K.  I..,  and  II.  P.  Stahl,  "Some  calculational  results  using  multi¬ 
color  radiation  inversion,"  presented  at  OSA  Annual  Meeting,  .New 
York,  Oct.  1979;  published  in  Infrared  Plus.  20:298-296,  Feb.  1980. 

Wolfe,  IV.  L. ,  "Effects  of  reflected  background  radiation  on  radiometric 
temperature  measurement,"  presented  at  SPIE,  Washington,  D.C. , 

April  10-11,  1980;  published  in  Proc.  SPIE  226,  I960. 

Wolfe,  IV.  L. ,  "Comparison  of  coherent  and  incoherent  imaging  in  the  lo¬ 
cation  of  point  sources,"  presented  at  SPIE,  Washington,  D.C.  , 

April  10-11,  19S0 ;  published  in  Proc.  SPIE  226_,  1980. 

Wolfe,  W.  L. ,  co-editor  of  Proc.  SPIE  J 26 ,  19S0. 

Bartel  1,  F.  0.,  E.  L.  Heron iak,  and  W.  L.  Wolfe,  "The  theory  and  mea¬ 
surement  of  BRPF  and  RTPF,"  presented  at  SPIE  meeting,  iluntsviile, 
Ala.,  Oct.  2,  1980;  published  in  Proc.  SPIE  2S7 ,  1980. 

Brooks,  I..  D.,  and  W.  L.  Wolfe,  "Microprocessor-based  instrumentation 

for  bidirectional  reflectance  distribution  function  ( BUD! 1  measure¬ 
ments  from  visible  to  far  infrared  (FIR),"  presented  at  SPIE 
meeting,  Huntsville,  Ala.,  Oct.  2,  19S0;  submitted  to  Opt.  Eng. 

Hereniak,  E.  I,.,  and  T.  Stuhlinger,  "The  use  of  gold-plated  sandpaper 
as  n  BRIM  standard,"  presented  at  SPIE  meeting.,  Huntsville,  Ala.. 
Oct.  2,  1980;  submitted  tv'  Appl.  Opt. 

Hereniak,  E.  I,.,  T.  W.  Stuhlinger,  and  F .  0.  Bartel  1,  "Bidirectional 

reflectance  distribution  function  of  gold-plated  sandpaper,"  pre¬ 
sented  at  Si’ll,  meeting.  Huntsville,  Ala.,  Oct.  2,  1980;  published 
in  Proc.  SPIE  257,  1980. 

Fender,  -1.  S.  ,  "Stray  radiation  analysis,  prog,  rams  (HUI'RAP  lll-.M’ARi/ 

I’AOE):  A  user's  viewpoint,"  presented  at  SPIE  meeting,  Huntsville, 
Ala.,  Oet.  2,  1980;  published  in  Proc.  SPIE  2.87,  1980. 

Wolfe,  W.  !,.,  "Scattered  thoughts  on  baffling,  problems,"  presented  at 
SPIE  meeting,  Huntsville,  Ala.,  Oct.  2,  1980;  published  in  Proc. 
SPIE  287 ,  1980 
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Bartell,  F.  0.,  E.  L.  Dereniak,  and  W.  1. .  Wolfe,  "BRDF  and  BTDF  measure 
mcnt  considerations,"  presented  at  annual  meeting  of  Optical  Soci¬ 
ety  of  America,  Chicago,  Ill.,  Oct.  15,  1980;  submitted  to  Applied 
Optics . 

Wolfe,  W.  L.,  and  H.  P.  Stahl,  "Three-color  radiometric  temperature  de¬ 
terminations,"  presented  at  annual  meeting  of  Optical  Society  of 
America,  Chicago,  Ill.,  Oct.  15,  1980;  submitted  to  Applied  Optics 

Baltes,  11.  P.,  and  W.  I,.  Wolfe,  "K-eorrelat  ions  and  facet  models  in 

diffuse  scatter ing--exper imenta 1  evaluation,"  submitted  to  Optics 
Lett ers . 


Professional  Personnel  Associated  with  This  Effort 


William  L.  Wolfe,  Professor 

Eustace  L.  Dereniak,  Assistant  Professor 

Frederick  0.  Bartell,  Research  Associate 

Steven  Lange,  Research  Associate 

Lawrence  D.  Brooks,  Student 

Janet  S.  Fender,  Student 

Sungmuk  Lee,  Student 

Tillman  Stuhlingcr,  Student 

Yaujen  Wang,  Student 


Degrees  Awarded 

Janet  S.  Fender,  PhD  (Optics),  1981 

Dissertation  title:  "An  Investigation  of  Computer-Assisted  Stray  Radia¬ 
tion  Analysis  Programs" 

Lawrence  D.  Brooks,  PhD  (Optics),  expected  1981 

Projected  dissertation  title:  A  Microprocessor-Based  Mu ! t i -  Sped ra  I 
Scat  t  cromet or" 

Tillman  Stuhlingcr,  MS  (Optics),  expected  1981 


Consultative  and  Advisorv  Functions 


Using  tin-  techniques  and  instruments  that  have  been  improved  under 
the  program,  we  have  made  specific  measurements  and  calculations,  under 
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separate  funding,  to  further  various  military  and  space  programs.  These 
are  described  below. 

Under  a  contract  with  the  U.S.  Army  Materials  and  Mechanics  Re¬ 
search  Command  at  Watertown,  Mass.,  under  the  monitorship  of  Dr.  Anton 
Hofmann,  we  have  made  a  determination  of  the  surface  and  bulk  scatter¬ 
ing  of  InSe  windows  in  the  visible  and  the  infrared.  We  have  provided 
BRD1:  data  in  the  infrared  on  series  of  special  blacks  by  way  of  a  sub¬ 
contract  with  the  Breault  Research  Organization  and  Cruman  Aircraft  to 
an  undisclosed  military  sponsor. 

We  have  consulted  with  Eugene  Church  at  1RADC0M  at  Picattiny,  New 
Jersey,  on  the  comparison  of  scattering  theory  and  BRDF  measurements. 

Under  separate  contract  we  have  provided  infrared  scattering  and 
baffling  design  data  to  the  Army  BMDATC  for  its  Forward  Acquisition  Sys¬ 
tem  (FAS). 

Under  a  recently  completed  subcontract  with  Science  Applications, 
Inc.,  we  have  provided  Major  Seid  at  USAI  SAMSO  with  infrared  BRDF 
data  and  scattering  and  off-axis  rejection  design  data  for  the  Deep 
Space  Surveillance  System  (DS  ]) .  We  have  recently  completed  a  contract 
with  the  Navy's  David  Taylor  Research  Center  wherein  we  provide  them 
with  the  visible  and  infrared  scattering  characteristic;;  of  various 
types  of  Navy  paints. 

We  are  presently  working  on  our  second  contract  with  Vought  Cor¬ 
poration  Advanced  Technology  Center,  wherein  we  are  investigating  tin 
infrared  scattering  proper! ios  of  phase  change  fi 1ms. 

We  have  worked  on  a  subcont ract  from  \erojet  wherein  we  determined 
the  effect  of  a  nuclear  radiation  exposure  on  the  scattering  proper!  u ■ 
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of  2  i  >-  _.wlonide  windows.  We  have  also  provided  BRI)I  data,  design 
changes,  and  APART  scattering  calculations  to  Dr.  Harold  Bennett  under 
a  small  Naval  Weapons  Center  contract,  which  may  greatly  increase  the 
acquisition  range  of  one  of  that  center's  missiles. 
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LI  ('JIT  SCATTER  INC  PROM  kEIT.ECTl  Vl:.  OPTICAL  SUKIACES 
(R.  V.  Shack,  D.  Thomas) 

Object  1 ve 

The  primary  goal  of  this  study  was  to  examine  experimentally  the 
particle  contaminant  contribution  to  the  scattering  of  visible  light 
from  front  -  surface  mirrors. 

Progress 

The  objective  was  achieved  through  the  dissertation  research  work 
of  Dr.  Thomas  (see  Degrees  Awarded,  below).  Excepts  from  his  disserta¬ 
tion  abstract  are  as  follows: 

[The  contribution  of  particle  contaminants  to  scattering  of  light] 
can  be  significant  even  for  carefully  prepared  and  handled  mirrors,  and 
.  .  .  surface  particulate  scatter  can  qualitatively  explain  discrepan¬ 
cies  that  have  been  observed  by  other  authors  between  the  shape s  of 
measured  scattering  profiles  and  those  of  profiles  predicted  for  scat¬ 
tering  from  smooth  surface  microroughncss.  Scattered  light  distribu¬ 
tions  are  also  recorded  and  discussed  for  several  diffuse  reflectors. 

A  careful  description  is  given  of  the  operation  and  limitations  of 
a  device  used  to  measure  the  angular  distribution  of  light  scattered 
from  nominally  flat,  reflecting,  optical  surfaces.  Ihe  sample  illumina¬ 
tion  angle  and  polarisation  of  the  incident  Ik  am  can  both  hi  varied  wit! 
this  instrument,  and  orthogonal  po 1  a \  i cat  i on  components  of  the  scattelvi 
light  can  he  independently  measured. 


12 


The  scattering  levels  of  most  of  the  studied  mirrors  arc  shown  to 
be  in  good  agreement  with  their  photographically  recorded  degree  of 
particulate  contamination.  The  shapes  of  the  scattering  profiles  mea¬ 
sured  for  a  few  of  the  samples  arc  also  in  general  agreement  with  the 
overall  sizes  of  their  particulate  contaminants,  further  insight  into 
the  nature  of  surface  particulate  scattering  is  derived  from  several 
experiments  involving  del iberately  altered  or  contaminated  samples. 

The  polarization  state  of  light  scattered  from  both  smooth  and 
rough  reflecting  surfaces  is  experimentally  determined  and  discussed. 
Results  obtained  for  the  smooth  samples  are  shown  to  be  qualitatively 
explained  by  a  simple  model  for  scattering  from  surface  particulates. 
Invariance  properties  are  also  empirically  determined  for  the  scattered 
light  profiles  of  several  samples. 

Professional  Personnel  Associated  with  This  Hffort 

Roland  V.  Shack,  Professor 
William  I..  Wolfe,  Professor 
David  A.  Thomas,  Graduate  Student 
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NliW  APPROACH  TO  OPTICA  I.  PROCHSSINC. 

(II.  H.  Barrett,  A.  F.  Cmltro) 

Objectives 

1.  To  operate  an  image  orthicon  TV  camera  in  an  unusual  bipolar 
mode,  in  which  either  a  positive  or  negative  charge  can  accumulate  on 
the  target. 

2.  To  use  this  bipolar  mode  as  the  basis  for  synchronous  demodu¬ 
lation  of  a  modulated  light  beam. 

3.  To  use  the  orthicon  in  conjunction  with  a  photoelastic  modu¬ 
lator  in  the  pupil  plane  of  a  lens  as  a  general-purpose  noncoherent 
optical  processing  system. 


Progress 

We  have  achieved  the  first  two  objectives  stated  above.  We  have 
shown  that  the  camera  can  be  operated  in  an  abnormal  region  where  nega¬ 
tive  charge  rather  than  positive  charge  accumulates  on  the  target.  IVe 
have  demonstrated  this  and  the  synchronous  demodulation  capability 
afforded  by  1 1 1  is  phenomenon  by  means  of  several  experiments: 

(1)  Using  an  array  of  I.I.Ds ,  we  modulated  several  in  the  array  and 
left  the  others  running  emit  i nuous ly .  We  applied  the  synchronous  modu¬ 
lation  signal  to  the  camera,  on  top  of  a  variable  bias.  This  combined 
signal  was  the  phot ocat hodc- t o-t arget  accelerating  voltage.  Kc  ob¬ 
served  that  at  high  bias  all  the  ITUs  were  visible  in  the  image  as 
expected.  As  we  lowered  t he  bias  voltage  toward  the  ^ 


!  coinl  i  t  i  on 
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(that  is,  voltage  for  which  we  get  a  single  secondary  electron  per  in 
cident  photoelectron),  we  observed  that  the  entire  image  dimmed  blit 
that  the  lights  operated  strictly  dc  dimmed  faster  until,  at  the  ;  1 

point,  they  disappeared  altogether,  leaving  only  the  modulated  1.1  In¬ 
visible.  This  experiment  verifies  that  we  indeed  have  a  negative 
charge  cancellation  of  the  positive  charge  and  that  we  can  use  t  h  i  -■ 
fact  to  synchronously  demodulate  a  modulated  signal. 

(2)  We  have  done  similar  experiments  with  a  spinning  nosh  ( chop;  ..-r  • 
where  wc  derive  a  reference  signal  from  the  chopper  and  use  this  to 
synchronously  demodulate  the  chopper  rotation. 

(3)  We  have  also  demonstrated  the  modulation/demodulation  proce-s 
with  the  photoelastic  modulator.  IVc  used  the  photoclast ic  modulator  to 
modulate  part  of  an  input  scene  and,  by  means  of  the  camera,  demodulate*, 
the  scene  so  that  only  the  modulated  portion  remained  visible. 

We  arc  currently  trying  to  quantify  the  performance  of  the  total 
system  as  it  applies  to  objective  5.  Important  considerations  arc 
dynamic  range  and  resolution. 

Another  area  of  application  for  this  orthieon  device  is  in  hetero¬ 
dyne  interferometry.  We  have  already  demonstrated  operation  of  ‘la 
camera  at  about  100  kl  1  ~  with  the  bid's  and  therefore  expect  tin  heteto- 
dvne  experiments  to  be  straightforward. 

Publications  and  Interactions 

II.  II.  barrel  t,  A.  I.  C.mitro,  and  M.  V.  Chiu,  "Use  of  an  .  la.  i  •  *  -  ortliion 

as  an  array  of  lock-in  amplifiers,"  Opt.  I  ct  t  .  Nov.  I ‘.ISO. 

Presentation  of  principles  and  results  at  Optical  Society  >0'  Nncrica 

Annual  Meeting.,  Chicago,  I'dSU. 
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The  basic  idea  is  to  exploit  a  widely  known  but  little  used  prop¬ 
erty  of  image  orthicon  television  cameras.  By  varying  the  target 
voltage  in  these  cameras,  we  can  alter  the  amount  of  charge  deposited 
on  the  target  for  a  given  light  intensity.  For  large  accelerating 


voltage''  (the  usual  operating  condition),  the  net  charge  deposited  i> 
large  and  positive  (secondary  emission  ratio  o  >  1).  As  the  accelerat¬ 
ing  voltage  is  reduced,  the  charge  deposited  is  reduced  until  it  finally 
goes  through  zero  and  becomes  negative  ('  ■  1).  Thus  the  orthicon  can  be 
a  bipolar  image  detector.  To  make  use  of  this  property  in  a  noncoherent 
optical  processor,  we  proposed  to  temporally  modulate  the  pupil  func¬ 
tion  of  the  system  with  an  electro-optic  or  acousto-optic  modulator  in 
such  a  way  that  the  system  point  spread  function  is  the  positive  part 
of  the  desired  bipolar  filter  function  during  one  half-cycle  of  the 
modulation,  and  the  negative  part  during  the  other  half-cycle.  The 
input  data  (for  example,  from  a  (!RT  or  photographic  transparency)  are 
in  the  object  plane  of  this  optical  system,  and  the  filtered  data  appear 
in  the  image  plain-  where  the  orthicon  is  located.  The  accelerating 
voltage  of  the  orthicon  is  switched  between  the  S  1  and  5  >  1  condi¬ 
tions  in  synchroni  -m  it  h  the  pupil  modulation.  Thus  each  element  of 
the  orthicon  target  is  accumulating  negative  charge  while  the  optical 
system  is  switched  to  the  negat  ive  par’  of  the  filter  fund  ion,  and 
positive  charge  for  the  positive  part.  In  brief,  each  element  i  tide 
pendent  1}  perlorm-  a  an  opiien!  detector  and  s\ neb  i'« '  1 1  ■  mi-  di  ned1  i  I  a  t  >  ■  . 
Since  an  orthicon  has  about  loon  -  ]000  rc-olvabh  elements,  it  i  tin 

fundieii.il  equivalent  of  a  million  lock  ill  amplifici  . 


QUANTUM  OPTICS  AND  LAStilt  PHYSICS 
(M.  0.  Scully,  S.  Zubairy,  G.  Moore) 
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Objectives 

Quantum  optics  and  laser  physics  research  in  the  areas  of  general 
relativity,  laser  spectroscopy,  quantum  theory  of  radiation,  heterodyne 
detection,  photon  statistics,  and  quantum  nondemolition  measurements. 

Progress 

In  the  area  of  the  theoretical  study  of  proposed  tests  of  general 
relativity,  we  have  proposed  an  optical  test  employing  an  earthbound 
ring  laser  interferometry  to  test  metric  theories  of  gravitation.  The 
proposed  test  would  be  sensitive  to  a  preferred  frame  in  the  universe, 
to  the  geodetic  precession,  and  to  the  Lcnse-Thi rring  effect. 

Kc  have  made  theoretical  studies  on  now  techniques  for  achieving, 
resolution  beyond  the  natural  linewidth,  limited  by  the  difference  be¬ 
tween  the  decay  rates  rather  than  their  sum.  These  techniques  provide 
the  possibility  of  enhanced  spectral  resolution,  as  well  as  giving  a 
direct  lava  sort,  meat  of  the  difference  between  the  dec  a;.  rate-'. 

Kc  have  stud  ic'd  quantum  heat  phenomena  to  elucidate  the  internal 
consistency  of  sent  i  class  i  ca  1  radiation  theories.  A  simple  t  \amplt  i  •-  ,i 
case  in  which  the  result-,  of  a  self  consistent  full)  .pi. ail  i  ,J  c.ilmi.i 
t  i  on  d  i  Ifi  r  oh  !  ant  i  a  1  I  \  from  t  ho-  a.  obt  aim  d  ><.  u  an  - 1  a  n  i ,  ! .  i 
cal  theory  even  when  augmented  In  ill"  notion  of  i.miin  I  hu  I  nil  h-ir  . 

We  investigated  the  noise  limitations  in  the  oplie.il  lot  <■  rod\ in 


detection.  We  comlude  that  an  i  up  i  >n  emeu  I  oi  .  r  i  lie  pis  eiii 


in  - 1 


19 


limit  can  be  made  if  a  light  source  whose  photon  distribution  function 
is  narrower  than  Poissonian  is  employed  as  a  local  oscillator.  IVe 
studied  the  photon  statistics  in  multiphoton  absorption  and  emission 
processes  and  obtained  exact  solutions  for  the  reduced  density  matrix 
of  the  field.  IV c  have  shown  that  the  photon  statistics  leads  to  the 
possibility  of  observing  antibunching  in  multiphoton  absorption 
process . 

Other  groups  working  in  the  detection  of  gravitational  radiation 
have  recently  proposed  new  measurement  techniques,  and  these  techniques 
may  have  applications  in  quantum  optics.  We  have  investigated  the  ef¬ 
fects  of  quantum  noise  in  measurements  of  this  type. 


Publications  and  Interactions 

M.  0.  Scully,  "Suggestion  and  analysis  for  a  new  optical  test  of  general 
relativity,”  in  II.  Walt  her  and  K.  W.  Rot  he  feds.J,  Laser  Spectres- 
copy  TV,  Spr i nger-Ver 1 ag ,  1979,  p.  21. 

M.  0.  Scully,  "On  quantum  heat  phenomena  and  the  internal  consistency 
of  semi  c  lass  i  ca  1  radiation  theories,"  in  A.  0.  Bn  rut  (ed.),  foun¬ 
dation-  of  Radiation  Theory  and  Oiiantum  fleet  rndynnmi  es  ,  Plenum, 
ipso,  p.  i . 

M.  P.  Ilniignn,  M.  0.  Scully,  and  K.  dust,  "A  proposed  optical  test  of 
piviYi.cd  Cram.  co:.r.o  logics,"  I’lr.  s  .  Lett.  A :  Ns, 

P.  Meystre,  M.  0.  Scully,  and  II.  Walther,  "Trans,  i  ent  line  narrow  i  ng : 

A  laser  spevt  to -eop  i  v  technique  \i  elding,  resolution  hex  end  tin 
natural  1  i  new  i  d  1 1; , "  Opt  iv  t'or.imm.  Said):  lfo-la'",  Max  IPSO. 

M .  N  .  Luba  i  ix  and  . !  .  d  .  Veit,  "Phot  .  >n  ••  1  a  t  i  tic-  in  i.iu  I  t  .  j  In  >t  ,  n  .  ih-.i ,  i  ;> 

t  i  i'll  and  eii  i  s i  i>n  |>r»'Ci  ■  •  cs  ,"  1  '1 )  x  ■  -  .  Rev.  A  '):  L(,'de  ,  I  U.SO  , 

P .  Mey  ■  t  i  e  ,  II.  ha  1 1  lie  r  ,  and  M  ,  U ,  'Yuliy,  "  I  ran  i cut  I  i  in  i: .  v  row  i  iv  : 

I  a  -e  i  .pee  t  So  -iOj'  i  v  t  ev  hit  i .  jin  vie  I  ding  is  so  I  lit  i  on  Im  '  o:,d  tin  ii.it  t : 
ml  linewidth"  limited  paper),  1  leveiitli  liiteniation.il  Huantum 
I  1  e,  t  ion  i  v  ■  r,  in  f  ■  ieiK  i  ,  I  to-,  t  on  ,  M.i  •  .  ,  dune  La  .  1  UNO  ;  .  ih-  t  rae  t 

i  n  d  .  Opt  .  Soe  .  Vim  .  "(>((,):  a  n  a ,su  ,  .lime  I  ‘.ISO . 
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M.  0.  Scully,  M.  S.  Zubairy,  and  M.  P.  llaugan,  "Cosmological ly  pre¬ 
ferred  frame  and  Sagnac  interferometry,"  presented  at  F.lcvcnth 
International  Quantum  P.lectronics  Conference,  Boston,  Mass.,  June 
23-26,  1980;  abstract  in  .J .  Opt.  Soc.  Am.  70(6):  618-619,  June 
1980. 

M.  P.  Ilaugan,  M.  0.  Scully,  and  M.  S.  Zubairy,  "A  proposed  optical  test 
of  metric  gravitation  theories,"  presented  at  9th  International 
Conference  on  General  Relativitv  and  Gravitation,  Jena,  Past  Ger¬ 
many,  July  14-19,  19S0 . 

M.  S.  Zubairy,  "How  to  beat  photon  noise  in  heterodyne  detection,"  pre¬ 
sented  at  Workshop  on  Interface  Between  General  Relativity  and 
Quantum  Optics,"  Garching,  West  Germany,  .July  21-23,  1980. 

M.  Hillery,  "Quantum  noise  in  quantum  nondemolition  measurements,"  pre¬ 
sented  at  Workshop  on  Interface  Between  General  Relativity  and 
Quantum  Optics,"  Garching,  West  German}',  July  21-2S,  1980. 
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lN'IT.KIT.ROMllTUU:  MLASUUI.MLNTS  01  L)  I  SIM. US  I  ON  I  \  OPTICAL  I  I  111  K  WAVI.CUl  M.S 
( J .  .J .  Burke,  K.  I).  Bomberger  J 

Obj  cct i ve 

Our  objective  this  \ear  was  tn  demon  tr.ite  the  \  a  1  i  d  i  t  >  of  .1 
idea  in  Liber  measurement:  that  pule  hi  ■  m  let!  i  n  ;  :::  a  : ::  •  1  e- do  fiber 
can  be  measured  w  i  thout  broadband  elec*  r*>n  i  e  and  with  e 

lengths  are  less  than  1  meter. 


Progress 

We  are  pleased  to  report  that  this  objective  has  been  net.  \  pulse 
broadening  of  77  picoseconds  per  kilometer  of  fiber  1  ongt h  per  nanometer 
of  source  bandwidth  was  measured  with  a  cw  OaAlAs  laser  diode  ( 

0.S7  pm),  coupled  to  a  single-mode  borosilicate  fiber  20  cm  Ion;,.  for 
comparison  we  note  that  the  prior  art  required  fiber  length:  of  !  km  nr 
more  and  electronics  with  gigahertz  bandwidth-  Our  electronics  had 
only  1  kllr.  bandwidth. 

During  the  fall  of  1979  we  ordered  the  components  of  the  scanning 
i  nt  ert'erometer  we  had  designed  and  the  stable  table  l  ha!  support:-  i;  . 

By  early  spring  of  19S0,  all  the  parts  had  been  received  and  were  assem¬ 
bled.  Initial  attempts  to  demonstrate  tlu-  principle  with  the  u-c  of  a 
filtered  xenon  are  at  visible  wavelengths  were  not  definitive.  Ihe 
signal  levels  wen-  too  oiu  I  I  ,  and  the  available  fiber:.  ■  upi’orl  id  more 
than  one  mode.  We  therefore  switched  to  a  la-er  diode  source  ih.it  pro 
vidtil  ample  i  r.na  I  strengths  at  a  wavelength  where  the  fiber-,  were 
■-ingle  mode.  Ihe  expected  re  nil  •  were  soon  m.mite  t,  i  hough  I  lie 


complicated  power  spectrum  of  the  laser  source,  operating  close  to 
threshold,  made  detailed  interpretation  of  the  interferograms  difficult. 
As  indicated  above,  we  have  now  completed  the  initial  phase  of  inter¬ 
pretation,  and  are  accordingly  able  to  measure  the  quantities  that 
govern  pulse  broadening.  The  interferograms  contain  much  additional 
information  about  the  power  spectrum  of  the  laser  source  and  the  fre¬ 
quency  response  of  the  fiber.  Not  only  are  pulses  broadened,  but  their 
shape  can  change  dramatically.  We  are  now  exploring  digital  techniques 
for  acquiring  and  analyzing  the  interferograms.  Wc  anticipate  that  we 
will  ultimately  be  able  to  completely  characterize  the  effective  re¬ 
fractive  index  of  a  single-mode  fiber  at  any  frequency  of  interest, 
even  in  the  "zero  dispersion"  region  near  1.37  qn ,  where  conventional 
measurements  are  extremely  difficult. 

Publications  and  Interactions 

We  arc  preparing  a  formation  publication  of  this  work,  anticipat¬ 
ing  submission  to  the  Journal  of  the  Optical  Society  of  America.  In 
addition,  this  work  was  the  substance  of  Dr.  Bomberger's  recent  ly  com¬ 
pleted  doctoral  di  ssertat  ion  (sec  Degrees  Awarded,  h*.  lowl  . 

Dr.  Bomberger  presented  a  paper  on  this  work  at  the  Annual  Meeting 
of  the  Optical  Society  in  Chicago  on  October  1  f> .  Dr.  Burke  gate  a 
similar  paper  at  the  Symposium  on  Optical  liber  Measurements  in  Boulder, 
Colorado  (NBS),  on  October  JO. 

We  anticipate  that  this  work  will  substantially  influence  the  ef¬ 
forts  of  others  in  the  field  of  fiber  charact cr i zat i on .  Dr.  Kenneth 
White  of  the  Briti  h  Post  Office  ha-,  telexed  hi  s  desire  to  vi-  it  out 
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laboratory,  and  at  the  meeting  in  Boulder,  mentioned  above,  he  discussed 
the  work  at  length  with  Dr.  Burke. 

Professional  Personnel  Associated  with  This  l.ffort 

J .  J.  Burke 
W.  I).  Bomberger 

Degrees  Awarded 

William  Bomberger,  PhD  (Optics) 

Dissertation  title:  "Interferometric  Measurement  of  Dispersion  in 
Optical  fibers" 
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LVAl’ORATl.l)  THIN  I  1 1>1  l.HNS  SVST1MS  I  OR  I NTIU  IkA  I'll)  OPTICS 
(0.  N.  Stavroudis,  A.  I'.  Turner) 

Object ives 

This  is  tlie  third  in  a  series  of  year-lent;  studies 
background  needed  to  design  and  make  thin-film  component 
grated  optica!  (10)  circuits.  The  emphasis  has  been  on 
guides  and  on  refracting  elements  to  be  used  with  them, 
on  aspheric  thin  film  lenses  with  elliptical  contours, 
understand  the  behavior  of  multilayer  thin  film  waveguid 
advantage  of  their  special  characteristics  to  solve  geor, 
problems  of  10  circuitry.  This  year  our  objectives  were 

1.  To  demonstrate  the  advantages  in  integrated  opt 
layer  guides  with  silver  cladding, . 

2.  To  devise  methods  of  making  masks  or  stencils  e 
producing  lenses  consisting  of  deposits  with  elliptical 
required  by  theoretical  designs,  and  of  studying  the  len 

a.  To  construct  and  install  equipment  in  one  of  th 
the  purpose  of  bombarding  with  electrons  the  substrate  a 
deposition,  in  an  effort  to  produce  an  essentially  amorp 
structure  with  reduced  scattering,  losses. 

1.  'In  complete  a  set  of  computer  program  -  n  ed<  d  i 
multilayer  waveg.uides  a-  well  as  in  the  anal'.  f  e.xpi 

ft.  lo  write  computer  prog,  rams  for  t  ole  ran-  i i  mvi 
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as  pile  r  i  c  beam  -  expanding,  'col  I  i  mat  or  lenses. 
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6.  To  design  lourier  transform  thin  film  lenses  to  he  used  in 
conjunction  with  the  above  collimators. 

Progress 

The  first  phases  of  objective  I  were  reported  in  a  paper  read  by 
t'l.  Al-.Junaily  at  the  Optical  Society  of  America  Electing  on  .June  5, 

1980;  a  paper  is  being  prepared  for  publication.  The  first  mask  of 

1 

objective  2  has  been  fabricated  and  used  to  make  several  bear.-  expand  i  ng  •'  - 

i 

collimator  thin  film  lenses,  on  which  ray  path  studies  have  beer,  begun.  I 

The  equipment  described  under  objective  5  is  operational,  ready  for 

sample  preparation  and  study.  Objectives  -1  and  5  have  been  completed.  j 

1 

The  lenses  of  objective  b  are  m  the  design  stages.  \ 

1.  Silver-Clad  Waveguides.  We  have  shown,  both  t hcoret i ca  1  1  v  and  i 

\ 

experimentally,  that  the  losses  incurred  by  cladding  a  waveguide  with  j 

| 

silver  can  be  reduced  substantially  by  inserting  layers  that  enhance  : 

the  reflectance  of  the  silver. 

The  range  of  mode  indices  of  a  waveguide  can  be  extended  downward 
by  depositing  the  guide  on  an  opaque  metal  film.  Such  an  extension  is 
desirable  in  the  design  of  10  lenses  and  prisms.  but  even  if  siivei 
is  used  for  the  cladding,  the  guide  becomes  excessively  lossy,  particu¬ 
larly  toward  the  lower  values  of  mode  indices.  Low  incices  arc  crucial 
for  the  interconnecting,  waveguide  on  which  the  optical  components  of 
an  10  circuit  will  be  deposited.  Ihe  losses  ran  he  great  1>  reduced  In 
introducing  reflect  i on-cnhanc i ng  additional  layers;  in  the  present  work 

I 

this  has  resulted  in  a  six-  film  structure.  Its  dispersion  curves,  how  j 

i 

ever,  have  regions  of  extreme  distortion.  As  we  attempted  to  explain  j 


1 
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this  behavior  it  became  more  and  more  apparent  that  the  electric  field 
distribution  within  the  structure  must  be  given  major  consideration. 
Some  progress  has  been  made  toward  qualitative  explanations  along  these 
1 ines . 

One  of  the  simplest  designs  of  a  low-loss  silver-clad  waveguide 
was  selected  for  extensive  study  with  both  numerical  calculations  and 
experimental  verification  on  many  samples.  All  of  the  samples  were 
made  with  standard  vacuum  evaporation  methods.  The  design  is: 

Ag |  2 L(  1 . 511)  2  L  -  W  j  P '  A 

where  Ag  =  opaque  silver  film 

I.  -  quarterwave  film  of  chiolite,  n  =  1.55 

11  =  quarterwave  film  of  Sb-,0-,  n  =  2.1 

W  =  waveguide  layer  of  evaporated  glass,  n  -  1.66, 
approximately  2  quarterwaves  thick 

P  -  film  of  Shu)-,  of  variable  thickness  to  correspond 
to  a  patch  optical  component  (for  example,  a  lens) 
deposited  on  the  guiding  structure 

A  =  air. 

In  all  cases,  the  reference  wavelength  is  Ag  =  0.653  gm  (llc-N'e  laser 
rad i at i on)  . 

The  [21.(1.511)21.!  unit  enhances  the  reflectance  of  the  silver  over 
a  very  wide  angular  (mode  index)  range,  therein'  reducing  the  losses 
otherwise  incurred  by  t  lie  presence  of  the  silver.  Hxpcr  i  r.icnt  a  I  1  v  one 
measures  losses  reduced  to  lit  dB/'em  for  mode  indices  as  low  as  1.3. 

2.  Production  of  Aspheric  Thin  film  Lenses  by  Vacuum  l.vaporat i on 
Through  a  Mask.  Several  beam-expain!  i ng/co 1 1 i mat  or  lenses  have  been 
deposited  on  evaporated  glass  waveguides.  The  lenses  consist  of  t li  in 


films  of  Sb70j  evaporated  through  the  mechanical  mask,  which  produced 
elliptical  contoured  "surfaces."  The  performance  of  these  lenses  has 
been  examined,  and  thus  far  the  ray  paths  through  them  appear  to  agree 
with  those  calculated.  It  is  now  clear  that  an  in-depth  experimental 
ray  trace  study  will  require  better  masks;  these  are  now  in  the  design 
stages  and  will  involve  a  major  effort. 

3.  Electron  Bombardment.  Bombardment  of  the  substrate  with  elec¬ 
trons  during  film  deposition  shows  promise  of  producing  a  finer  grained, 
or  even  amorphous,  film.  This  in  turn  should  reduce  the  light  scatter¬ 
ing  losses  in  a  film--an  important  factor  in  waveguide  technology  where 
there  is  now  a  paucity  of  evaporable  film  materials  that  yield  low- 
scatter,  low-loss  films.  Whereas  the  amorphous  evaporated  glass  films 
that  we  are  using  have  acceptably  low  losses  of  1  dB/cm  or  less,  the 
other  two  materials,  Sb-,0-  and  chiolitc,  are  only  marginally  useful  be¬ 
cause  of  scattering.  The  electron  bombardment  method  should  help  cor¬ 
rect  this  situation  and  increase  the  choice  of  evaporable  materials 
suitable  for  thin-film  waveguide  applications.  Although  the  technique 
was  invented  33  years  ago  and  has  been  in  limited  commercial  use,  no 
systematic  studies  on  it  have  been  reported  in  the  literature. 

To  carry  out  the  technique,  we  have  installed  auxiliary  equipment 
in  the  IS- inch  outer.  A  10- inch-diameter  loop  of  tungsten  wire  located 
midway  between  the  resistance-heated  vapor  sources  and  t he  substrate 
holders  serves  as  the  electron  emitter.  It  is  healed  by  ld-V  at 
well  insulated  transformers  and  held  at  several  kV  negat  ivc  with  respect 
to  the  grounded  substrate  holders. 
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Preliminary  observations  indicate  that  chiolote  films  show  less 
scattering  when  the  bombardment  is  employed.  In  the  future,  special 
attention  will  also  be  given  to  films  of  zinc  sulfide  and  mixed  fluo¬ 
rides  such  as  potassium  hexaf luoroz irconate . 

4-5.  Generalized  Waveguide  Analysis.  Objectives  4  and  5  have  been 
completed.  In  particular,  borrowing  from  certain  mathematical  concepts 
familiar  in  quantum  optics,  we  have  developed  a  novel  method  of  analyz¬ 
ing  a  generalized  multilayer  waveguide  structure  for  its  allowed  modes. 
The  method  is  expecially  well  adapted  to  numerical  computer  calculations. 
A  manuscript  describing  the  method  (S.  A.  Shakir  and  A.  F.  Turner)  has 
been  submitted  to  Applied  Optics  for  publication. 

6.  Fourier  Transform  Lens  Design.  The  beam-expanding/collimator 
lenses  of  objective  2  are  intended  to  be  used  in  conjunction  with  a 
thin-film  Fourier  transform  lens,  in  configurations  such  as  are  being 
studied  elsewhere  for  integrated  optical  KF  spectrum  analyzers.  Fourier 
lens  designs  for  present  purposes  have  been  begun. 

JSOP  support  for  the  above-described  studies  was  terminated  on 
September  50. 

Publications  and  Interactions 

A.  F .  Turner  and  5,  |).  browning,  "He I'ract  i ng  boundaries  in  thin  film 
1  i  ght  guides  Sl’lb,  Aug.  2  '  -  2  8  ,  HIT'.),  San  Diego,  Gal  if.;  Proe. 

SPU:  204 ;  55,  1 

S.  A.  Shakir  and  \.  f .  Turner,  "Method  of  poles  for  mult  i  liner  thin 
film  waveguides,"  submitted  to  Applied  Optics. 

A.  F.  Tumor  and  G.  Al-.lumailv,  "Low-loss  Ag-clad  thin  film  waveguides 
for  integrated  optics,"  paper  TuAAlO,  Optical  Society  of  America 
198(1  Spring  ('onifronvc  on  Applied  Opt  i  es ,  Mills  College,  Oakland, 

Gal  if.,  M.iv  51 -.lime  <>,  19SO;  paper  in  preparation  lor  pub  I  i  cat  i  on . 


Profess i una 1  Personnel  Associated  with  This  Ilf fort 

0.  N.  Stavroudis,  Professor 

A.  P .  Turner,  Professor  llmeritus 

Ross  H.  Potoff,  thin  film  specialist 

G.  Al-Jumaily,  graduate  student  (volunteer) 

C.-C.  Lee,  graduate  student 
S.  A.  Shakir,  graduate  student 
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(M.  Sargent  III,  U.  Shoemaker) 

i 

Objective 

Our  research  objectives  in  the  past  year  have  been  to  study  aspects 
of  phase  conjugation.  Specific  work  has  been  in  the  areas  of  phase 
conjugation  with  a  detuned  signal  and  two-photon  phase  conjugation. 


Progress 

1.  Phase  Conjugation  with  a  Detuned  Signal.  Under  J SOP  support 
in  January  through  August  1980,  we  have  used  the  narrow-band  reflection 
spectrum  to  predict  pulsed- signal  operation.  Hie  technique  is  related 
to  the  phase-conjugation  discussions  of  Yariv  et  al.^  and  fisher  et 
al.*-  The  pulse  is  lourier  analysed,  multiplied  b>  the  amplitude  spec¬ 
tral  transmission  function,  and  re -summed,  yielding  the  transmitted 
pulse.  The  spectral  transmission  function  is  determined  from  the  sig¬ 
nal  absorption  coefficients.  At  first,  this  appears  to  be  fraught  with 
difficulty,  for  we  arc  using  lourier  analysis  in  a  nonlinear  problem. 
However,  we  are  considering  j inear  deviations  about  a  steady  state  that 
is  not  in  thermal  equilibrium.  Fourier  analysis  applies,  and  we  dis¬ 
cover  information  about  how  t  lie  medium  attempts  to  return  to  thermal 
equilibrium,  namely  relaxation  times,  like  Tj  and  T-.  The  transmission 
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functions  look  simple  enough  that  we  may  be  able  to  derive  analytic 
formulas  for  simple  pulse  shapes,  like  delta  and  step  functions. 

Qualitatively,  we  can  predict  the  effect  of  the  medium  on  the 
transmitted  pulse.  A  delta  function  signal  induces  a  grating  with  the 
help  of  the  pump  wave.  The  cw  pump  wave  then  continues  to  read  out 
this  grating  for  as  long  as  it  lasts.  The  effect  is  much  like  a  bell: 
The  sound  lasts  much  longer  than  the  blow  that  created  it.  Hence  the 
conjugate  pulse  consists  of  something  looking  like  the  incident  signal 
plus  a  long  pulse  with  length  about  equal  to  Tj .  Understanding  the 
response  of  a  medium  to  a  pluse  is  very  important  in  a  number  of  appli¬ 
cations  for  phase  conjugation  and  specifically  with  regard  to  laser- 
induced  fusion.  It  also  provides  a  new  and  potentially  very  important 
spectroscopic  technique. 

2.  Two-I’hoton  Phase  Conjugation.  Also  under  JSOP  support, 

Tao-Yi  Fu  and  Murray  Sargent  have  developed  the  theory  of  two-photon 

phase  conjugation.  This  combines  the  Abrams  - 1.  ind  phase  conjugation 

3  4 

theory'  with  the  two-photon  theory  of  Narducci  et  a  1 .  The  signal, 

pumps,  and  hence  the  conjugate  are  all  chosen  to  have  the  same  f requeue) 

and  the  medium  is  assumed  to  be  homogeneously  broadened.  The  theory 

predicts  three  significant  effects  that  are  absent  in  the  two-level 

medium  case:  (1)  a  double-peaked  reflection  spectrum,  (2)  a  Yariv- 

Pepper  oscillation  (infinite  reflectivity)  condition'3 4 5  in  an  absorber, 


3.  R.  L.  Abrams  and  R.  C.  I.ind,  Opt.  I.ett.  2,  94  (197S);  3,  203  (197S). 

4.  I,.  M.  Narducci,  IV.  IV.  P.idson,  P.  lure  i  n  i  t  t  i  ,  and  P.  0.  Pteson, 

Plus.  Rev.  A 1  (> ,  10<>3  (1977). 

5.  A.  Yariv  and  I'.  M.  Pepper,  Opt.  Lett.  1,  lo  (1977). 


and  (3)  an  unbleachable  medium.  Effects  (1)  and  (2)  result  from  the 
presence  of  a  pure -index  contribution  to  the  phase-conjugating  polariz¬ 
ation  in  addition  to  a  mixed  index-absorption  contribution.  The  pure 
index  term  results  from  off-resonant  single-photon  transitions  from 
levels  that  are  saturated  by  two-photon  transitions.  The  corresponding 
phase-conjugation  contribution  involves  an  induced  grating  or  hologram 
as  does  that  in  the  two-level  atom  case.  The  mixed  index-absorption 
contribution  dominates  at  low  pump  intensities,  and  results  from  the 
conjugated  signal  interacting  with  a  two-photon  coherence  term  whose 
pump  wave-vector  dependence  cancels  out.  Unlike  the  usual  two-level 
phase  conjugation,  no  population  grating  is  involved  in  this  process. 
The  double-peaked  spectrum  results  from  the  interference  of  these  two 
terms:  below  the  effective  resonance  frequency,  they  add;  above  that 
frequency  they  subtract,  and  two  peaks  occur.  Second,  the  pure-index 
conjugation  term  increases  the  signal-conjugate  coupling  enough  to 
dominate  the  absorption  and  produce  coupled-mode  oscillation  even  in  an 
absorbing  medium.  Third,  whereas  the  two- level  reflection  coefficient 
bleaches  to  zero  at  large  intensities,  the  Stark-shifted  line  center  of 
the  two-photon  case  prevents  bleaching  and  leads  to  an  intensity- 
independent  reflectivity  at  large  intensities. 

The  results  of  t.h  i  s  work  have  been  published  in  a  paper  by  !'u  and 
Sargent,  and  the  results  ami  their  relationships  to  earlier  work  in 
saturation  spectroscopy  have  been  summarized  by  Sargent  at  an  interna 
t i ona 1  conference.  Efforts  are  under  way  at  the  Optical  Sciences 
Center  and  elsewhere  to  see  the  two-photon  predictions  experimentally, 
theoretical  work  is  continuing  under  other  funding  with  special 


i 
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emphasis  on  spectroscopic  applications.  The  pulsed-signal  work  is 
being  pursued  in  collaboration  with  Bob  fisher  and  Barry  Feldman  at 
Los  Alamos. 


Publications  and  Interactions 

Tao-Yi  iu  and  M.  Sargent  III,  "Theory  of  two-photon  phase  coni  uy.at  i  on 
Opt.  Lett.  S(1()J:  455--I55,  Oct.  1980. 

M.  Sargent  111,  "Phase  conjugation  in  three,  four,  and  infinite  dirten 
sions,"  presented  at  ICO  Conference  on  Optics  in  lour  l'i mens i ons 
linsenada,  Mexico,  August  11)80;  to  he  published  in  the  proceed  in.: 
of  that  conference. 


Professional  Personnel  Associated  with  This  effort 

M.  Sargent  III 
R.  Shoemaker 
T.-Y.  f'u 
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MAGNETOSTRICTION 


(S.  F.  Jacobs) 


Objective 

The  magnetostriction  studies  consist  of  two  parts: 

1.  A  search  for  any  magnctostrict ive  effect  in  low  expansivity 
metals  (such  as  ULF,  Cer-Vit,  Zcrodur,  and  fused  silica). 

2.  A  measurement  of  magnetostriction  in  Superinvar  and  Invar. 
The  former  has  never  been  measured;  the  latter  has  been  measured 

only  at  large  field  strengths. 


Progress 


The  effort  during  this  period  has  been  devoted  to  the  building  up 
of  a  slave- laser/stable- laser  system.  In  addition,  with  support  from 
NASA,  we  have  completed  construction  of  a  cryostat/sample  holder,  which 
will  make  possible  measurement  at  temperatures  approaching  that  of 
1 i qu i d  helium.  The  slave  laser  that  is  nearing  completion  is  based  on 
a  modification  of  an  inexpensive  commercial  laser,  which  was  reported 
by  T.  Baer  et  al.  Wc  have  improved  slightly  on  their  transducer  per¬ 
formance,  by  using  tubular  PZT-5II,  and  we  expect  now  to  be  able  to 
fabricate  our  own  f requcncy-st ab i 1 i zed  lasers,  as  well  as  t  lie  slave 
laser,  through  use  of  this  new  development. 

Another  area  of  progress  is  the  mstallat  ion  of  the  Hewlett 
Packard  Model  S.r.|  couiput  cr/conl  ro  I  1  c  r  that  will  automate  our  men  :  u  rcun  n  t 


i 
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procedure.  This  work  was  made  possible  by  support  from  the  It  eh 
Corporat i on . 

Professional  Personnel  Associated  with  This  Lffort 
S.  F .  Jacobs,  Professor 

Further  Information  (Background) 

Figure  1  shows  the  magnetostriction  measurements  that  had  been 
made  previously:  No  such  effect  s  have  been  measured  in  low-expans i v  i t y 
nonmctals,  and  magnetostriction  effects  in  Superinvar  and  Invar  have 
been  measured  only  at  large  field  strengths. 


c..'.-  y. 


Fig.  I.  I.ong  i  t  lid  i  nu  1  Magnetostriction  in 
Iron  Nickel  \llo_is  lor  Various  II  (in 
Oersteds)  (alter  Schulr.e). 


Figure  2  shows  the  arrangement  we  are  constructing.  Its  sensitiv¬ 
ity  (for  objective  1)  should  be  better  than  10'12  cm,  or  AL/L  <  10“13, 
which  is  the  expected  seismic  background  vibration  level. 

It  is  planned  first  to  perform  the  low-sensitivity  (AL/L  -■  10'9) 
Invar  measurements  by  introducing  dc  magnetic  fields.  Later  we  will 
use  an  alternating  magnetic  field  and  narrowband  phase-sensitive  detec¬ 
tion  to  look  for  magnetostriction  in  nonmetals. 


I  O «  It '  J  laor  o  *  4  t  -  < 


Fig,.  2.  Magnet ost r i ct  ion  Measurement  Setup. 


usi  oi  1 1 \o  [i!si;ii.\k(,i.  rum:  to  study  ci iaiu ;h -transi- i -:k  i.vitracitons 


(I  .  llopt'J 

Objective 

Our  objective  has  been  to  determine  whether  a  hollow-anode,  hoi  low - 
cathode  (IIAC)  di-charge  tube1  could  be  used  as  a  iiuich  and  easy  way  of 
st  udy  ing  charge- 1  rans  l'er  i  nt  eract  i  on  s  . 


Progress 

The  HAG  is  a  modification  of  the  hoi  low- cathode  discharge  (UCL)J. 

.An  HCD  has  the  property  that  the  voltage  saturates-  at  about  100  to 
300  V,  so  it  is  limited  both  in  electron  and  ion  energies.  live  MAC  is 
a  hybrid  between  an  IICD  and  an  electron-bean  and  allows  for  voltages 
that,  in  practice,  have  exceeded  2000  Y.  This  gives  higher  electron 
and  ion  energies  with  improved  spattering  yield  for  metal-vapor  lasers 
anil  higher  excitation  energy  for  improved,  laser  action  at  short  wave¬ 
lengths.  In  addition,  the  discharge  volume  of  the  1 1  AC  is  physical  ly 
separate  from  the  high-voltage  volume  and  is  largely  free  of  stray 
fields.  Hence  the  Star!,  shifts  are  relatively  small. 

We  tried  three  IIAC  discharge  tubes  that  spanned  the  stated  parame¬ 
ter  ranges  of  the  device,  but  we  were  unable  to  achieve  true  IIAC  per¬ 
formance.  Our  results  were  intermediate  between  IIAC  and  1 1C  1 1 ,  a;  our 
volt.ig.es  at  lira  l  Oil  near  IUU  tile  re-uilt  were  large  lv  l  he 

*K.  Rons. a,  M.  .Innossv,  [,.  Csillag,  and  .1.  Hergou,  I’hys.  hit  I  .  o.v\: 

231,  IP”. 

h.  Ross. i,  hi  l\l  IP'S  (iS,  p.  S,  and  hi  h  I  IPSO  US,  p.  In. 


regardless  of  the  tube  used.  Clearly,  there  is  some  element  of  opera 
tion  that  we  have  not  been  able  to  identify,  but  we  can  conclude  that 
MAC  is  not  as  straightforward  a  device  as  the  literature  would  sugges 

Professional  Personnel  Associated  with  This  effort 
1'.  A.  Hoof,  Professor 


MULT  [PHOTON  I.ASLR  EXC  I  TATI  ON  01  SINGLE  I .  I .  I  IKON  ATOMS 


30 


(W.  E.  Lamb,  Jr.) 

Obj  cct i vc 

The  objective  of'  this  study  is  to  develop  a  computer  program  tc 
integrate  the  quantum  mechanical  t ime- dependent  SchrUJOiger  wave 
equation  for  a  one-electron  atom  in  the  presence  of  a  very  strong 
field. 

Progress 

The  work  for  the  reporting  period  was  devoted  to  writing  programs 
for  use  on  the  Data  General  ECLIPSE  S230  computer.  These  program 
will  calculate  the  energy  transfer  to  the  atom  and  the  probabilities 
of  excitation  and  ionization  ns  a  function  of  time.  The  parameters 
to  be  varied  will  include  laser  intensity,  frequency,  type  of  polar¬ 
ization,  and  degree  of  coherence  of  the  radiation.  Also,  the  induced 
dipole  moment  of  the  atom  and  its  Fourier  components  will  make  it 
possible  to  study  the  conditions  for  efficient  general  On  of  very 
high  harmonic  radiation  by  an  atomic  freqtii  nev  mul i i p ! . .. i .  iiu 
results  of  the  calculations  will  be  displayed  as  interactive  graphs. 
Exploratory  runs  have  been  made  and  are  promising,. 

Pub  I  ic.it  ions  and  Internet  ions 

An  account  of  the  projected  work  and  status  was  piv-  iiiti  d  to  !  In 
Joint  Services  visiting,  committee  in  October  IPSO. 
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Professional  Personnel  Associated  kith  This  kffort 

Willis  L.  Lamb,  .Jr.,  Principal  Investigator 
Milivoj  Belie,  Post-Doctoral  Research  Associate 

Invention  Disclosure 

No  invention  or  patent  disclosures  have  been  made.  The  potential 
application  of  the  work  is  to  the  generation  of  very  high  laser 
harmonics,  but  it  is  in  too  early  a  stage  to  judge  the  outcome.  The 
method  does  not  seem  to  have  been  used  by  other  workers  in  the  field 
of  multiphoton  ionization  processes. 
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